Abstract-With the increasing of wind generators and the scale of wind farm, it is urgent needed to establish a model which is proper and practical to short circuit current calculation. Firstly, this article analyzed the characteristics different types of wind generators' short-circuit current and put forward different types model of wind generators shortcircuit current calculation. Secondly, considering the different types of wind generators and the influence of collecting system, this article established a wind farm shortcircuit current calculation model which is suitable for engineering application and based on the simulation requirements of 35kV and above high-voltage power grid. The simulation showed that the short-circuit current results used this model is similar to the results adopted detailed model, proving that using this article's model can meet the engineering need and provide important reference value for power grid planning personnel in the grid short-circuit current calculation and the analysis of the restrictive measures.
I. INTRODUCTION
In the study of short-circuit current calculation model of wind farms, early method is to simply regard wind field as a load without considering the short-circuit current it provided. In fact, wind farm is power source in the electrical network and it is inappropriate to think that wind generators do not provide current at the instantaneous short-circuit point when large-scale wind farm accessed system [1] . Another method is to analyze wind generator as a synchronous motor, but in fact wind generator is a asynchronous generator and its provided current is not same to synchronous'. The article [ 2 ] gave a wind farm short-circuit current calculation method which aimed at the characteristics of wind farm combined short-circuit capacity. The article [ 3 ] analyzed short-circuit current features of doubly-fed wind power generator when the stator occurs three phase short-circuit and deduced the analytic expression of short-circuit current. The article [ 4 ] gave a short-circuit current estimation method which is provided by the squirrel-cage induction wind generators. The article [ 5 ] proposed a three-phase shortcircuit current analytic calculation model of the double-fed wind power generator which is based on the analysis of the physical process after doubly-fed wind power generator voltage completely fell. The article [6] established a wind generator electromagnetic transient mathematical model according to the analysis of the electromagnetic transient process of wind power system. From the point of view of the large power grid simulation calculation, it is unnecessary to establish an accurate model to reflect all the characteristics of wind generators' electromagnetic transient when calculating the short-circuit current, as we cannot change the existing algorithms of the simulation. Based on the analysis of the characteristics of wind farm short-circuit current and the control principle of wind generators, the paper established a practical model which is suitable for large-scale wind farm short-circuit current simulation from the angle of engineering application.
II. SHORT CIRCUIT CURRENT CALCULATION MODELS OF TYPES OF WIND GENERATORS
At present, according to generator types, the wind generators are divided into four types: Fixed Squirrel-cage Induction Generator (FSIG), Wound Rotor Induction Generator (WRIG), Doubly Fed Induction Generator (DFIG) and Permanent Magnet Synchronous Generous (PMSG) [7] [8] .
A．A Short Circuit Current Calculation Model of FSIG Wind Farms
Compared with the synchronous generator, FSIG has no single field winding and cannot produce any reactive power. FSIG establish the motor armature magnetic field though the reactive power provided by system or compensation capacitor in parallel on the generator terminal. When three-phase short-circuit occurred at the generator terminal, the voltage of FSIG's terminal is close to zero and the short-circuit current will not exist due to the loss of excitation source. However there is still exist magnetic field in the generator in short-circuit instantaneous, stator and rotor circuit will appear high impact current due to stator and rotor winding's flux linkage cannot change instantly. The impact current will flow to the point of failure until the rotor flux, the stator current and the steady short-circuit current decay to 0 finally [9] .
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When three-phase short-circuit occurred at the generator terminal, FSIG's short-circuit current is related to the equivalent reactance of the generator (ignoring resistance). Short-circuit current calculation model is shown in Figure 1 .
Where s X is the stator reactance, r X is rotor reactance reduced to the side of stator. The calculation of equivalent reactance is as follows:
(1) The short-circuit current provided by FSIG is (effective value):
Where X  is the normal voltage of generator terminal. 
B．A Short-Circuit Current Calculation Model of WRIG Wind Farms
WRIG is similar to FSIG, but the difference is that WRIG's rotor winding inserted a variable resistor controlled by frequency transformer though a slip ring. By changing the resistor and the pitch angle control technology, WRIG strengthened the function of speed and improved the efficiency of power generation [10] . But this kind of wind generators' variable speed range is very limited, WRIG can run only in a small range of variable speed higher than the synchronous speed, therefore it still belong to the fixed speed wind generator [11] . Similar to FSIG, WRIG has no separate field winding and cannot produce reactive power. When the external rotor resistance short circuit, the short-circuit current provided by WRIG is same to FSIG. When operating generator under the condition of a large slip, it is needed to adjust the external rotor resistance higher than zero. The greater the slip (absolute value), the smaller the short-circuit current is. The impedance of WRIG short-circuit current calculation model should consider the external rotor resistance value. The calculation method of the equivalent impedance is as follows:
The short-circuit current provided by WRIG is:
C. A Short-Circuit Current Calculation Model of DFIG Wind Farms
DFIG uses the present domestic most common doublyfed induction generator. Its stator winding is directly connect to the power grid and the rotor circuit connect to the grid though double pulse width modulation (PWM) converter in order to realize the decoupling control of active and reactive power [ 12 ] .When three-phase shortcircuit occurred at the generator terminal, stator voltage will suddenly reduced to zero, but the stator flux linkage remain constant [13] . Because of the stator voltage suddenly reduce, the stator winding will appear a DC component of flux which is amplitude unchanged and does not change with time. At the beginning of the short circuit, the converter of DFIG is still in working state and DFIG shortcircuit current features is similar to the synchronous generator but it attenuate slower with a smaller maximum [14] . Because the electronic equipment in the DFIG converter is sensitive to overvoltage, it is needed to install protective device in the rotor side converter in order to protect the inverter [ 15 ] . At present, the commonly used method is to short the rotor circuit by installing Crowbar circuit in DFIG rotor side so as to transfer the short-circuit current in the rotor winding and protect the inverter [16] . In the process of short circuit, the rotor winding is actually shorted by a Crowbar adjustable resistance-CB R . The short-circuit current contain damped DC and AC component and will eventually reduce to zero, similar to the general asynchronous wind generator. The difference is that the initial value of the fault current is small and the rotor decay time constant is small. The calculation of DFIG short-circuit current is similar to the first two kinds of wind generator, as shown in Figure 2 .
The calculation method of the equivalent impedance is as follows:
()
The short-circuit current provided by DFIG is: At present, a common protection method is using break-chopper circuit to protect rotor side converter. During the fault time, break-chopper circuit will keep the converter working and has a better support function for grid such as low voltage through, but it is still need to limit current in order to protect sensitive power electronic devices. In general, the max enter design current of converter is 1.1 (p.u.). At this point, the DFIG short-circuit current calculation model is similar to a current source. The maximum of this current source is shown in Figure 3. 1.1p.u. 
D. A Short-Circuit Current Calculation Model of PMSG Wind Farms
PMSG is decoupling connect to the grid through AC-DC-AC full power converter and all the power flow to grid though the converter. Due to the decoupling control of inverter, short-circuit characteristics of PMSG is mainly decided by the characteristics of line side converter and control model [17] . Similar to DFIG, PMSG also need to use break-chopper circuit to protect the power electronic devices in the inverter [ 18 ] . The equivalent short-circuit model is shown in Figure 3 .
III. A PRACTICAL MODEL WHICH IS SUITABLE FOR LARGE-SCALE WIND FARM SHORT-CIRCUIT CURRENT SIMULATION
In general, for the grid with a voltage grade of 35kv and above, it is not required to consider wind field wiring when the simulating wind farm's capacity is less than 15% of regional load. The transfer of wind farm reactive (exclude resistance) are represented as, 
IV. EXAMPLE SIMULATION
This paper take the CIGRE B4-39 wind farm grid system as an example to simulate on PSS/E platform which is recommended by the international power grid conference. The simulation system is shown in Figure 4 . BUS9 is system balance node, and ZONE1 is the stable system area, and ZONE2 is the wind power grid area, and ZONE3 is the area with heavy load. The wind farm has 18 generators, which is divided into 4 transmission lines connected to the collection points, as shown in Figure 5 . The parameters of generators in Figure 5 were listed in the following tables. Where ID is the identity of each generator, P is the active power capacity of each generator, U is the rated voltage of each generator, R 2 is the stator reactance, R 1 is the rotor reactance, R CB is the adjustable resistance of Crowbar circuit and R ext is the external rotor resistance.
WT1-WT6 and WT11-WT15 are DFIG which is protected by Crowbar circuit with the parameters shown in TABLE I. with the detailed model, the simulation results of short-circuit current with using the model in this paper is slightly larger, but the error is no more than 1.4385%. With the increasing of the distance between short-circuit point and wind farm, the error decreased. Therefore using the model established in this paper can meet the engineering need. Where Z is the impedance between short-circuit point and wind farm, I sc is the short-circuit current by using the model established in this paper and I sc ' is the short-circuit current by using detailed model.
V. CONCLUSION
With the increasing of generator capacity and the scale of wind farm, it is necessary to calculate the short-circuit current provided by wind farm and short-circuit current calculation model should be practical. From the point of view of the large power grid, it doesn't need to build a detailed model to accurately reflect all the characteristics of wind generators. Based on the analysis of the characteristics of wind generators' short-circuit current and its control principles, considering the different types of wind generators and the influence of collecting system, this article established a wind farm short-circuit current calculation model which is suitable for engineering application. The simulation result proved this model can meet the engineering need and provide important reference value for power grid planning personnel.
